Introduction
Reinvigorating processes play an essential part in all animal life. The frequently repeated periods of sleep allow for the restoration of cellular activities. The division of stem cells and the subsequent subdivision of a succession of operational daughter cells, with a relatively short life span, maintain tissues subject to wear and tear such as the blood and the skin. The main rejuvenating process, however, is sexual reproduction, which keeps alive the species by providing a new life span.
Sexual Reproduction and Sexual

Development
The essence of sexual reproduction is the regrouping of the chromosomes with their con-'stituent elements, the genes, to ensure a kaleidoscopic mixing of the hereditary factors and at the same time provide the opportunity for mutations to express themselves. This process, which somehow builds up a new store of vital energy, is of such fundamental importance to the race that it is not surprising so many of the genes have a bearing on it and that two of the 46 chromosomes are earmarked as sex chromosomes. These genetic factors are devoted to providing the physical conditions necessary for sexual reproduction; the development of the germinal cells leading to the haploid phase of life in the gametes; the sexual union with the resulting restoration of the diploid structure in the zygote; and the subsequent guarding and nourishing of the developing embryo. They also prepare the mental attitude to mating and ultimately mould the social behaviour of the commurnity.
To achieve reproduction there has been a specialisation of development in the higher animals into the male,' begetting and the female, conceiving and nurturing, partners. Basically this difference is determined by the genes, with a balance between those tending to maleness scattered on'the autosomes and those with a female influence concentrated on the sex chromosomes (Bridges, 192I) . The genes themselves are thought to be molecules of deoxyribonucleic acid, with their purine and pyrimidine residues arranged in conformity with the inherited pattern to provide the template for the formation of ribonucleic acid. This in turn determines the structure of the various specialized proteins, including the stromal proteins, the enzymes and the organizers and these form the tissues and devise their secretions, including the steroid hormones from the endocrine organs. The sex pattern is thus passed to every tissue, directing the nervous system, the endocrine organs, the gonads and the genital tract to the all-important task of producing young.
Normally the balance between the autosomes and the sex chromosomes is such that if the Xs are paired, the cortex of the gonadal blastema develops into an ovary and any remnant of the medulla is suppressed. The subsequent differentiation of the female genital tract appears to be a neutral development, for as Jost (1947) has shown, early removal of the gonad in either sex leads to prominence of the paramesonephric (Mullerian) and suppression of the mesonephric (Wolffian) duct derivatives and the corresponding female type of development of the urogenital sinus. On the other hand if the sex chromosomes are unlike, that is XY, the cortex of the gonad is suppressed, the medulla develops to a testis and the subsequent differentiation of the urogenital tract is in accordance with the male pattern. This appears to be a positive action, and can be simulated, at least to some extent, by the administration of androgens to the mother during the critical period' of development. Later, with puberty, hormonal influences differentiate the secondary characteristics in the two sexes. Malformations may arise from some basic upset to the process of development or result from local-distortion of growth and may be sufficiently severe to make the, recognitiQn of the anatomical sex difficult or even impossible. The growing importance of chromosomal studies is shown by the recent demonstration that alterations in the sex chromosomes, an additional X or lack of an X (Ford et al., 1959 a and b) , leads to a disturbance in the development of the gonads, the genital tracts and the secondary sex characteristics. This is the first complete linkage between genetics, cytology and human disorders.
Nuclear Sex After mitosis, although the chromosomes merge to form the chromatin of the resting phase, their identity is not completely lost. When separated during division the XX chromosome pair tends to contain more heterochromatin, that is deeply staining chromatin, than the other chromosomes. This tendency was first noted and followed into the resting phase as a distinctive feature of the female in the water skater, Gerris lateralis by Geitler (Geitler, I937). In mammals, what is believed to be the heterochromatin of the XX pair remains visible in the resting phase, as the small dense nodule described by Barr the nerve cells in the brain and later in other organs, including the skin (Fig. 2) . In stem cells, such as those in the basal layers of the epidermis and in the marrow, this heterochromatin is not easily recognizable, but in the subsequent operational cells in the skin some 50 to 90 per cent. contain a characteristic nodule (Grumbach and Barr, 1958) . In whole mounts of thin membranes it is possible to find nodules in almost I 00 per cent. of the cells (Graham, I954) . Similarly, in a proportion of the neutrophil leucocytes in female blood a sex specific heterochromatin nodule can be distinguished from other non-specific masses. In many of the neutrophils this nodule is sessile, but in about one in 38 it has a characteristic pedunculated form like a drum-stick (Davidson and Smith, 1954) . This feature is not limited to human blood, where it also occurs in the eosinophil and basophil leucocytes (Fig. 2) , but is also to be found in most mammals, including horses, asses, monkeys, goats, dogs, cats and rabbits (Smith and Davidson, 1954) .
In the neutrophil nucleus, in Jenner Giemsa or Feulgen stained preparations, there are masses of chromatin other than the sex specific material and occasionally one may be found in either sex, which to some extent resembles a characteristic nodule. These do not occur regularly, and with experience of the method and well-stained preparations (Fig. 3) .
In contrast to what one might expect, it seems that geneticists accept that the heterochromatic parts of the chromosomes are inactive and that the euchromatin, which does not stain readily, carries the active genes (Sirks, 1956 dromes. However, the divergence is not complete and in the former the testes, although they may show areas of spermatogenesis, are illformed and the characteristic picture is one of hyalinisation of the tubules and massing of the Leydig cells (Fig. 4) . Similarly, the ovaries in the latter syndrome, although they may contain immature ova, are distorted and usually consist of a mass of stroma with undifferentiated tubules (Fig. 4) . The recent work on the chromosomes probably explains the apparent contradiction, for the XXY chromatin in Klinefelter's syndrome is not really female and the XO structure in Turner's syndrome, or even a mosaic containing XO, might not react as a male. The gonad is the operative factor in sex, supplying both the germinal cells and the specific hormones, and even at a very early stage it directs the subsequent development of the genital tract. This is apparently carried out by some local organiser influence, for in a true lateral hermaphrodite the side with the testis develops along the lines of the male, while the other side, associated with the ovary, follows the female pattern (Lindvall and Wahlgren, 1936) . Abnormal testes, however, may fail to produce a male genital tract. In male pseudo-hermaphrodites, despite the chromatin negative state of the cells and the presence of testes, provided with well formed if immature tubules and ample Leydig cells, the genital tract has developed in what is essentially a female direction and sometimes so far as to produce a perfect anatomical female (Swyer, 1955) . In this condition the testes are probably producing a female and not a male influence, and this is borne out by the fact that castration merely makes the individual pathologically disinterested in sex (Chapple, I937; Oldfield, 1955; and Browne, 1955) or frankly menopausal (Bishop, 1954) . A clue to the abnormality seems to lie in the curious distribution of the Leydig cells, which are peritubular rather than perivascular, suggesting that here they are the homologue of the theca interna of the ovarian follicle (Fig. 4) .
In the opposite condition of female pseudohermaphroditism the gonad is an ovary and the nuclei are chromatin positive. Almost always the mal-development of the genitalia has been induced by abnormal androgens outweighing the influence of the ovaries. These come from hyperplastic foetal suprarenals or from virilizing ovarian tumours in the mother. Rarely the same condition has been induced through the administration of testosterone to the mother (Zander and Miller, 1953) and very rarely the disturbance in development is not of hormonal origin. In true hermaphrodites, for some unexplained reason the nuclei are more frequently chromatin positive than chromatin negative (Davidson and Smith, 1956) .
The anatomical sex depends mainly upon the vulval structure, but the secondary sex characteristics such as the development of a beard, the distribution of the pubic hair, the breadth of the pelvis and the size of the breasts all contribute to the differentiation between the male and female. In addition to the general causes already discussed, difficulty in determining the anatomical sex may be due to local abnormalities, ranging from complete absence of the vulva in the sireniform anomaly (Davidson and Ross, 1954) to varying degrees of hypospadias in the male and abnormal development of the clitoris in the female. Similarly, gynecomastia may be the result of many diverse causes and hirsuitism is common in sexually active and fertile women. In these conditions, if there is any doubt, a story of the nuclear chromatin is important in deciding the sex of the individual.
Social Sex
The great influence of the anatomical sex and the sex in which a child is reared upon the psychological outlook cannot be overlooked, but there is undoubtedly a genetic background to its development. It is therefore not surprising that there may be, on occasion, psychological difficulties associated with these various disturbances of the sex organs, which are of sufficient severity to disturb the social sex of the individual. We know of at least four cases of the Klinefelter's syndrome (Bishop, 1958; own; and Siebenmann, 1958) where the sexual leanings were contrary to the apparent sex, but this is the exception rather than the rule. 
